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Summary 
Stretch tests are attractive in the diagnosis of nerve root or peripheral nerve lesion. 
Interpretation of the test results is often difficult since the distribution of tensile forces along 
the nerve caused by the test manoeuvre is not known. In this study the effect on median 
nerve tension of 22 positions of the arm was measured with ‘buckle’ force transducers. 
With the elbow in full extension and the hand in neutral position, altering the position of the 
shoulder significantly influenced tension in the proximal part of the median nerve; tension 
in the distal part was not influenced. With the shoulder in 90” abduction, dorsiflexion of the 
hand combined with an extendedelbow resulted in an increased tension in both distal and 
proximal parts of the median nerve. Dorsiflexion of the hand combined with flexion of the 
elbow caused an increase in tension only in the distal part. At all sites of the median nerve 
the median nerve upper limb tension test caused a significantly higher tension than the 
radial and ulnar nerve upper limb tension tests. This study provides insight in the normal 
distribution of tensile forces along the median nerve and can have clinical consequences. 
For differentiating nerve root from peripheral nerve lesions a specific provocative tension 
test for the median nerve is advocated. The results of this study provide a theoretical basis 
for differentiating between lesions in the proximal and distal parts of the median nerve. 
Relevance 
In the diagnosis of nerve(root) lesions, tests in which stretching the nerve provokes the 
symptoms are widely used, but no data are available on the distribution of tensile forces 
along nerves and nerve roots during such tests. In this study a human cadaver model is 
presented to analyse tensile force distribution on the median nerve; it can be an aid to 
evaluate the specificity of a clinical provocation test for the median nerve. 
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Introduction 
In diagnosing nerve root lesions, several tests are 
available in which tensile forces provoke clinical 
symptoms (e.g. straight leg raising test). For two 
reasons the interpretation of test results is difficult. 
Firstly, no knowledge is available of the distribution of 
the tensile forces along nerve root and peripheral part 
of the nerve caused by normal upper extremity 
movements and test manoeuvres. Secondly, symptoms 
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usually associated with nerve root lesions also can be 
caused by peripheral nerve lesions’. Thus problems 
arise in differentiating between nerve root lesions and 
lesions in the peripheral part of the nerve and in exactly 
localizing the site of nerve lesion. 
As an analogon of the straight leg raising test, 
Kenneally et al.* proposed the ‘upper limb tension 
tests’ (ULTT) for the median, ulnar and radial nerve. 
Also for these tests the distribution of tensile forces is 
not known. Thus empirical findings are clinically used 
without fundamental knowledge of the mechanical 
properties of the examined structures and knowledge of 
the specificity of tests. 
In the present study 22 positions of the arm in the 
normal range of motion (ROM) are used to analyse the 
tensile forces at three sites of the peripheral part of the 
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median nerve. The aim of this study is to provide a 
basis for a correct interpretation of clinical tests for the 
diagnosis of peripheral nerve lesions. 
Materials and methods 
Forty-eight to 60 hours after death, five human bodies 
were embalmed by vascular perfusion with a medium 
containing 2.2% formaldehyde. (For a detailed 
description of the fixation fluid see Kleinrensink et al. 
1995”) The bodies were stored for 3 months in 
containers filled with phenoxy-ethanol at a temperature 
of 4°C. After this period measurements were 
performed bilaterally (n = lo), at three sites on the 
median nerve: (1) in the axilla, about 2 cm distal to the 
bifurcation (Ax), (2) 2 cm proximal of the passage of 
the nerve through the pronator teres muscle (PP), and 
(3) at the wrist, 2 cm proximal to the styloid process of 
the radius (Wr). (Figure 1) 
The measurements were performed under 
standardized conditions. including room temperature 
and air humidity. 
Test positions 
For the 18 positions in the normal ROM and the test 
positions used for the median, ulnar and radial nerve 
ULlT and a modified median nerve ULTT see 
Kleinrensink et al. 19953: Table la,b 
All 22 joint positions were studied three times; as test 
and retest and after application of a tight band around 
the arm. The band was located at the site of the 
pronator teres muscle, simulating obstruction of the 
gliding mechanism of the median nerve. All tests were 
performed with the bodies lying supine, with neutral 
position of the cervical spine. 
Figure 1. Position of the three buckle force transducers. 
Ax = 2 cm distal to the bifurcation (lateral and medial 
cord forming the median nerve), PP = 2 cm proximal of 
the passage of the median nerve through the pronator 
teres muscle, Wr = 2 cm proximal to the styloid process 
of the radius. 
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Clip 
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Figure 2. Buckle force transducer according to Peters’. 
Tension measurements 
‘Buckle’ force transducers43’ were placed at Ax, PP, 
and Wr. The buckle transducer of Peters” was designed 
for measuring stress and strain fields in ligaments. For 
attaching the transducer to the nerve, a stainless steel 
‘U’ formed bar was constructed which locked the nerve 
in the transducer without initial damage. (Figure 2) 
The transducer was extensively tested on nerve tissue 
and was shown to have a high test-retest reliability. To 
compensate for deformation by tensile stress the 
nerve-buckle transducer unit was calibrated after each 
measurement (see: Calibration procedure). 
The signal from the buckle transducer was amplified 
by a bridge amplifier (made by the Department of 
Biomedical Physics and Technology) and led to a 
four-channel plotter. 
Calibration procedure 
To convert the transducer output from millivolt to 
newton, the nerve segment and transducer were 
simultaneously removed from the body by dissection 
and the transducers were calibrated for each measured 
nerve segment. Calibration was performed twice from 0 
to 1000 g in steps of 100 g. (correlation coefficient 
>0.955; mean standard error of estimation 0.04, range 
0.02-0.09). 
Statistical analysis 
All independent factors were considered fixed. Their 
levels are represented by dummy variables using 
reference coding in a multiple linear regression 
analysis. 
Results 
Normal range of movement 
In relation to a reference position of 120” flexion in the 
elbow, a position of 90” shows no change in tension in 
the median nerve at the axilla (Ax), proximal to the 
pronator teres muscle (PP) and at the wrist (Wr). 
Full extension of the elbow (OO) significantly 
increases tension in all three nerve segments (Table 1). 
Tension in all three segments is also significantly higher 
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if full extension is compared to 90” (P <O.Ol). 
The 70” (dorsiflexion) position of the hand differs 
significantly from the 0” (neutral) position, whereas the 
80” (palmar flexion) position does not (Table 1). 
Compared to supination, pronation decreases the 
tension of the median nerve at PP and Wr but not at the 
Ax site. 
Median nerve and modijied median nerve ULTT 
The median nerve ULTT and the modified median 
nerve ULTT are compared with a reference position 
(see Kleinrensink et a13: position 1II.l.q Tables la,b). 
In performing the median nerve UL’IT, 20” abduction, 
10” retroflexion, and 60” external rotation is added to 
the reference position. This results in a significant 
increase in tension in the median nerve at Ax and PP. 
Altering shoulder joint position to maximal 
abduction, maximal retroflexion, and maximal external 
rotation (modified median nerve ULTT) an even larger 
increase is found. Tension at the distal (Wr) site is not 
significantly influenced by altering the shoulder 
position (Table 2). 
To analyse whether differences occur between the 
four testing manoeuvres, the original median nerve 
ULTT was taken as reference. At all three sites of the 
median nerve, the modified median nerve ULTT 
causes a significantly higher tension than the original 
median nerve ULTT. This in sharp contrast to the 
effects of the ulnar and radial nerve ULTT. (Table 3). 
Differentiation between lesions in the upper and lower 
part of the median nerve 
With the shoulder in 90” abduction and the elbow in full 
extension, tension is significantly increased in all three 
segments by 70” dorsiflexion of the hand. Dorsiflexion 
of the hand with 90” flexion of the elbow causes a 
significant rise in tension only at the Wr site of the 
median nerve. 
In these positions no difference between pronation 
and supination was observed (Table 4). 
With a 90” flexed elbow, 70” dorsiflexion of the hand 
(if compared to the neutral position of the hand) causes 
a significant rise in tension only in the distal (Wr) part 
of the median nerve (Table 5). 
In comparing the mean values of normal range of 
movement ension with those of the simulated pronator 
teres obstruction, no significant differences were found. 
Discussion 
Since Las&gue6 proposed a tension test for the sciatic 
nerve, this provocation test is a widely used tool in 
diagnosing lumbar radiculopathy. Recently several 
testing positions of the upper extremity have been 
proposed. They are supposed to stress the cervical 
nerve roots and thus could be used as provocation 
tests2,7,8. The mentioned tests are based on the 
assumption that due to certain test manoeuvres, 
tension increases in a nerve root entrapped in the 
Table 1. The effect of elbow and hand position on tension in three median nerve segments 
Tension Axilla Pronator proximal Wrist 
Elbow 
reference 
120” (flexion) 
Hand 
reference 
0” neutral 
Reference 
max. supination 
90” 0.20 
(SEM 0.49) 
0.00 
GEM 0.59) 
0” (extension) 
70” dorsiflexion 
8.73 8.44 
(SEM 0.49)$ (SEM 0.59)$ 
3.04 3.72 
(SEM 0.49)$ (SEM 0.59)* 
80” palmar flexion 
pronation (maximal) 
-0.58 
(SEM 0.49) 
-0.39 
(SEM 0.39) 
-0.59 
(SEM 0.59) 
-1.08 
(SEM 0.4915 
0.00 
(SEM 0.59) 
4.81 
(SEM O-59)$ 
8.34 
(SEM 0.59)$ 
-0.88 
(SEM 0.59) 
-1.28 
(SEM 0.49)§ 
Mean differences and SEM (in newton) with the reference level, taking into account all other factors in the model. $ P -C 0.001; 
4 P < 0.05 
Table 2. Differences between upper limb tension test (ULlT)/modified ULn and a reference position, comparable in 
elbow and hand position (see Kleinrensink et al. 19943, Table 1: pos.lll.lc) 
Tension Axilla Pronator proximal Wrist 
reference: ULTT median nerve 8.53 10.01 2.94 
Elbow: 0”, (SEM 2.75)t (SEM 3.34)t (SEM 1.86) 
max supination 
Hand: 70” Modified ULTT 17.00 18.44 2.26 
(dorsiflexion) median nerve (SEM 2.75)$ (SEM 3.34)* (SEM 1.86) 
(Table 1: pos. 111.1c)3 
Mean differences and SEM (in newton) with the reference level of the factor. * P < 0.001; t P -c 0.01 
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Table 3. Differences between the originally suggested median nerve upper limb tension test (ULTT) and the modified 
median nerve ULlT, the ulnar nerve ULlT and the radial nerve ULTT 
Tension Axilla Pronator proximal 
reference: Modified ULTT 8.44 8.44 
ULlT median nerve median nerve (SEM 2.94)t (SEM 3.04)t 
ULTT ulnar nerve -23.15 -25.11 
(SEM 2.94)* (SEM 3.04)* 
ULTT radial nerve -14.72 -17.95 
(SEM 2.94)$ (SEM 3.04)$ 
Mean differences and SEM (in newton) with the reference level of the factor. $ P < 0.001; t P < 0.01; § P < 0.05 
Hand 
5.20 
(SEM 2.16)§ 
-12.26 
(SEM 2.16)$ 
-17.17 
(SEM 2.16)$ 
Table 4. Differences between dorsiflexion of the hand combined with flexion in the elbow and dorsiflexion of the hand 
combined with extension (respectively with supination and pronation) 
Tension Axilla Pronator proximal Wrist 
reference: 
Il.1.c’ 
reference: 
ll.2.c3 
III.1 X2 14.91 16.00 12.36 
(SEM 1.47)$ (SEM 1.47)* (SEM 2.16)$ 
lll.2.c4 13.34 16.09 10.70 
(SEM 1.37)$ (SEM 2.75)$ (SEM 1.86)* 
Mean differences and SEM (in newton) with the reference level of the factor 
‘elbow: SO” flexion, supination hand: 70” dorsiflexion 
‘elbow: flexion, supination hand: 70” dorsiflexion 
3elbow: SO” flexion, pronation hand: 70” dorsiflexion 
“elbow: extension, pronation hand: 70” dorsiflexion 
SP < 0.001 
intervertebral foramen. As a result of increased tension 
on the inflamed and irritated nerve root, the patient 
feels paraesthesia or pain in the sensory distribution 
area of the specific nerve. 
However, in manipulating distal parts of an 
extremity the question arises whether tensile forces are 
actually transmitted all the way up to the nerve root. To 
answer this question, and to differentiate between 
peripheral nerve and nerve root lesions, detailed 
knowledge is required of the distribution of tensile 
forces in the test positions. Such a knowledge might 
explain why only half of the patients suffering from 
sciatica and characterized by a significant reduction of 
straight leg raising showed abnormal myelograms’. In 
these patients a lesion of the peripheral nerve, 
provoking symptoms generally associated with nerve 
root lesions, cannot be excluded. 
Besides the question of how tensile forces are 
distributed along the median nerve, the aspect of the 
magnitude of tensile forces is of interest. Although to 
our knowledge actual tensile forces have not been 
analysed before, there is a large number of publications 
concerning the relation between stretching and tensile 
forces in peripheral nerves. In 1961 Sunderland” 
examined the relationship between elongation and 
upper limit of elasticity and mechanical failure in 
human cadaver studies. He found the mean percentage 
of elongation at the elastic limit to be 14% (range 
8-21%) and at mechanical failure to be 19% (range 
7-31%). More recently Kwan et al.“, in an in-vivo 
experiment, found that irreversible functional deficit 
occurred after strain of more than 12% of the in-situ 
strain of rabbit tibia1 nerve. 
The present study was performed on embalmed 
human bodies; this can have certain influence on the 
tensile forces measured. Although the exact effects of 
embalmment on tensile forces on the median nerve 
have never been reported, certain changes in the 
collagen will take place. However, if compared to 
measurements on unembalmed specimens there 
appears to be a high positive correlation between data 
from unembalmed and embalmed human bodies3. So in 
the present work, which is a comparative study, the use 
of embalmed human bodies represents no specific 
problems. 
From Table 1 it can be concluded that the position of 
the hand is relevant for the tension in the whole median 
nerve (including the proximal part). Tension in the Ax 
part is caused by dorsiflexion of the hand only when the 
elbow is extended (0”). 
Full extension increases tension significantly in the 
middle and distal part of the median nerve (Table 1). 
Combined with the findings in Table 4, this could be 
relevant in certain prolonged surgical procedures in 
which patients have to be in the supine position with 
fully abducted arm and extended elbow (e.g. radical 
mastectomy). Maintained tensile stress can be harmful 
to peripheral nerve’*- 13. The current study shows that 
tensile stress can be decreased by flexing the elbow to 
90” or 120”. The position of the shoulder is important 
for the tension in the middle as well as the proximal 
part of the median nerve (Table 2). Manipulating joints 
in the distal part of the upper extremity can increase 
nerve tension in the most proximal part of the median 
244 Clin. Biomech. 1995; 10: No 5 
Table 5. Differences between dorsiflexion of the hand and neutral position, combined with flexion in the elbow 
(respectively with supination and pronation) 
Tension 
reference: 
Il.1.b’ 
reference: 
ll.2.b3 
ll.l.c2 
ll.2.c4 
Axilla Pronator proximal 
0.20 0.000 
(SEM 0.29) (SEM 0.69)* 
0.10 0.49 
(SEM 0.39) (SEM 0.39) 
Wrist 
5.40 
(SEM 0.88)* 
5.30 
(SEM 0.98)$ 
Mean differences and SEM (in newton) with the reference level of the factor 
‘elbow: 90” flexion, supination hand: 0” (neutral) 
‘elbow: 90” flexion, supination hand: 70” dorsiflexion 
3elbow: 90” flexion, pronation hand: Cl” (neutral) 
4elbow: 90” flexion, pronation hand: 70” dorsiflexion 
SP < 0.001 
nerve (Table 1). However, changing the shoulder joint 
position does not alter nerve tension in the distal part of 
the median nerve (Table 2). 
In all three parts of the median nerve both the ulnar 
and radial nerve ULTT cause a significantly lower 
tension than the median nerve ULTT (Table 3). These 
findings support the hypothesis that the ULTI for the 
median nerve is indeed specific for the median nerve. 
The modified median nerve ULTT is even more 
effective than the original median nerve ULTT (Table 
3). The experiments were not performed on trunks and 
cords of the brachial plexus. It can be expected that 
tension values of the relevant cords do not significantly 
differ from the values of the upper part of the 
peripheral nerve. Preliminary data on tension in trunks 
and cords of the brachial plexus do indeed confirm this. 
With extended elbow, dorsiflexion of the hand 
increases tension in all parts of the nerve. With flexed 
elbow, the same wrist position causes increase in 
tension only in the Wr part (Tables 4 and 5). Thus, in 
principle, differentiation between lesions in the upper 
and lower part of the median nerve is possible by 
manipulating specific joints. More evidence for the 
differentiation between lesions in the distal and 
proximal part of the median nerve must come from 
clinical investigations. 
Conclusions 
This study gives insight into the effects of joint 
positions on tensile forces of the median nerve; joint 
positions were compared with each other and the 
relative effects on tensile stress are discussed. Evidence 
is provided for the specificity of the ULTT for the 
median nerve. A rationale is offered for the 
manipulation of specific joints to differentiate between 
lesions in the proximal and distal parts of the median 
nerve. 
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